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Supplementary Figure S1. Manhattan plot for the discovery venous thromboembolism
genome-wide association study
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Plot of -log10(P) for association of genotyped variants by chromosomal position for all
autosomal polymorphisms analyzed in the UK Biobank VTE GWAS. The genes
associated with the top associated variants are displayed.



Supplementary Figure S2. Quantile-quantile plot for the discovery venous
thromboembolism genome-wide association study
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The expected association P values for the distribution of genotyped versus the observed
distribution of P values for VTE association is displayed. Significant systemic inflation is
not observed (Agc = 1.05).



Supplementary Figure S3. Phenome-wide association results for the ten variant VTE

genetic risk score across 37 disorders
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Odds ratio per unit increase in VTE odds on 37 diseases within CARDIoGRAMplusC4D
data and UK Biobank. For the CARDIOGRAMplusC4D coronary artery disease
summary statistics, we performed an inverse-variance weighted fixed effects meta-
analysis. Estimates in UK Biobank were derived using logistic regression adjusting for
age, sex, chip-array, and ten principal components of ancestry. Abbreviations: CAD,
coronary artery disease; COPD, chronic obstructive pulmonary disease; OR, odds ratio



Supplementary Table S1. Ten independent (R*<0.01) SNPs utilized in the VTE genetic risk
score PheWAS. Eight of the SNPs have been previously reported, and rs4602861 and rs3136516
were identified in the UK Biobank GWAS.

SNP Chr Gene OR for VTE | EA EAF References

r$6025 1 F5 3.25 T 0.02 1
1$2066865 4 FGG 1.24 A 0.24 1
152289252 4 Fll 1.35 T 0.41 s
rs4602861 8 ZFPM? 1.11 A 0.73 A
12519093 9 ABO 1.68 T 0.19 ’
rs78707713 10 TSPANIS 1.28 C 0.88 1
rs1799963 11 F2 2.29 A 0.01 ‘
rs3136516 11 2 1.1 G 0.48 A
12288904 19 SLC44A42 1.19 G 0.79 1
rs6087685 20 PROCR 1.15 C 0.30 1

Abbreviations: PheWAS, phenome-wide association study; GWAS, genome-wide association
study; SNP, single nucleotide polymorphism; Chr, chromosome; OR, odds ratio; EA, effect
allele; EAF, effect allele frequency;



Supplementary Table S2. BMI associated variants used in the Mendelian randomization analysis

UK Biobank
Alleles GIANT GIANT Effect | UK Biobank Effect | Variance | 1mputation
SNP Chr. Gene Effect Other p Allele Frequency Allele Frequency explained INFO Score
FPGT- .
rs12566985 1 TNNI3K G A 0.024 0.446 0.438 0.03% 0.994
rs17024393 1 GNAT?2 C T 0.066 0.04 0.025 0.03% 0.986
rs2820292 1 NAVI C A 0.02 0.555 0.568 0.02% 1
rs3101336 1 NEGRI C T 0.033 0.613 0.600 0.05% 1
rs543874 1 SECI6B G A 0.048 0.193 0.209 0.07% 1
rs657452 1 AGBL4 A G 0.023 0.394 0.392 0.03% 0.986
rs11165643 1 PTBP2 T C 0.022 0.583 0.584 0.02% 0.995
rs11583200 1 ELAVL4 C T 0.018 0.396 0.398 0.02% 0.986
rs12401738 1 FUBPI A G 0.021 0.352 0.369 0.02% 0.995
rs1016287 2 LINCO01122 T C 0.023 0.287 0.300 0.02% 0.993
rs10182181 2 ADCY3 G A 0.031 0.462 0.487 0.05% 0.994
rs11126666 2 KCNK3 A G 0.021 0.283 0.255 0.02% 0.994
rs11688816 2 EHBPI G A 0.017 0.525 0.545 0.02% 0.98
rs13021737 2 TMEMIS8 G A 0.06 0.828 0.830 0.10% 0.991
rs1528435 2 UBE2E3 T C 0.018 0.631 0.621 0.02% 0.997
rs2121279 2 LRPIB T C 0.025 0.152 0.126 0.02% 0.986
rs7599312 2 ERBB4 G A 0.022 0.724 0.731 0.02% 0.97
rs13078960 3 CADM?2 G T 0.03 0.196 0.201 0.03% 0.991
rs1516725 3 ETVS C T 0.045 0.872 0.863 0.05% 0.992
rs16851483 3 RASA2 T G 0.048 0.066 0.066 0.03% 0.999
rs3849570 3 GBE] A C 0.019 0.359 0.347 0.02% 0.995
rs6804842 3 RARB G A 0.019 0.575 0.575 0.02% 0.987
rs2365389 3 FHIT C T 0.020 0.582 0.581 0.02% 0.992
rs10938397 4 GNPDA2 G A 0.04 0.434 0.434 0.08% 1
rs11727676 4 HHIP T C 0.036 091 0.903 0.02% 1




1s2112347 5 POCS5 T G 0.026 0.629 0.640 0.03% 1
rs13191362 | 6 PARK? A G 0.028 0.879 0.874 0.02% 0.989
152207139 6 TFAP2B G A 0.045 0.177 0.169 0.06% 0.999
rs205262 6 Cé6orf106 G A 0.022 0.273 0.273 0.02% 0.997
1s9400239 6 FOXO3 C T 0.019 0.688 0.696 0.02% 0.991
rs1167827 7 HIPI G A 0.02 0.553 0.565 0.02% 1
152245368 7 PMS2L11 C T 0.032 0.180 0.173 0.03% 1.000
rs17405819 | & HNF4G T C 0.022 0.7 0.702 0.02% 0.998
152033732 8 RALYL C T 0.019 0.747 0.744 0.01% 1
rs10733682 | 9 LMXIB A G 0.017 0.478 0.472 0.02% 0.953
rs10968576 | 9 LINGO?2 G A 0.025 0.32 0.324 0.03% 1
151928295 9 TLR4 T C 0.019 0.548 0.571 0.02% 1
rs4740619 9 C90rf93 T C 0.018 0.542 0.553 0.02% 0.997
156477694 9 EPB41L4B C T 0.017 0.365 0.354 0.01% 0.989
rs11191560 | 10 NT5C2 C T 0.031 0.089 0.076 0.02% 1
rs17094222 | 10 HIFIAN C T 0.025 0.211 0.212 0.02% 0.968
rs7899106 | 10 GRIDI G A 0.04 0.052 0.050 0.02% 0.983
rs12286929 | 11 CADM1I G A 0.022 0.523 0.525 0.02% 0.99
rs2176598 | 11 | HSDI7BI2 T C 0.02 0.251 0.245 0.02% 1
rs3817334 | 11 MTCH?2 T C 0.026 0.407 0.408 0.03% 1
rs4256980 | 11 TRIM66 G C 0.021 0.646 0.656 0.02% 0.992
rs11057405 | 12 CLIP] G A 0.031 0.901 0.894 0.02% 1
rs7138803 | 12 BCDIN3D A G 0.032 0.384 0.369 0.05% 1
rs12429545 | 13 OLFM4 A G 0.033 0.133 0.130 0.03% 0.974
rs9581854 | 13 MTIF3 T C 0.030 0.203 0.180 0.03% 0.986
rs10132280 | 14 STXBP6 C A 0.023 0.682 0.701 0.02% 0.974
rs12885454 | 14 PRKDI C A 0.021 0.642 0.641 0.02% 0.995
rs7141420 | 14 NRXN3 T C 0.024 0.527 0.516 0.03% 0.98
rs11847697 | 14 PRKDI T C 0.049 0.042 0.049 0.02% 1.000
rs16951275 | 15 MAP2KS5 T C 0.031 0.784 0.775 0.03% 0.998




rs3736485 | 15 DMXL?2 A G 0.018 0.454 0.462 0.02% 0.986
rs12446632 | 16 GPRC5B G A 0.04 0.865 0.858 0.04% 1
1s2650492 | 16 SBK1 A G 0.021 0.303 0.298 0.02% 0.98
rs758747 16 NLRC3 T C 0.023 0.265 0.287 0.02% 0.968
rs1000940 | 17 RABEPI G A 0.019 0.32 0.301 0.02% 0.996
rs12940622 | 17 RPTOR G A 0.018 0.575 0.559 0.02% 0.998
rs1808579 | 18 C18orf8 C T 0.017 0.534 0.517 0.01% 0.998
rs6567160 | 18 MC4R C T 0.056 0.236 0.235 0.11% 0.996
rs7243357 | 18 GRP T G 0.022 0.812 0.825 0.01% 0.989
rs17724992 | 19 PGPEP] A G 0.019 0.746 0.733 0.01% 0.982
rs2287019 | 19 QPCTL C T 0.036 0.804 0.818 0.04% 0.977
1529941 19 KCTDI5 G A 0.018 0.669 0.672 0.02% 1
rs3810291 19 ZC3H4 A G 0.028 0.666 0.662 0.04% 1.000

Abbreviations: SNP, single nucleotide polymorphism; Chr, chromosome;



Supplementary Table S3. Odds ratios and P values for the ten autosomal, genome-wide associated VTE SNPs previously reported in

the literature and in UK Biobank.

UK Biobank | UK Biobank
SNP Chr Gene Published OR | Published P Value OR P Value References

rs4524 1 F5 1.20 2.65x107"" 1.14 3.6x10° !

rs6025 1 F5 3.25 1.10x10™° 3.49 7.10x107° !
152066865 4 FGG 1.24 1.03x107'° 1.21 3.10x10™"" !
152036914 4 Fll 1.35 1.88x107%° 1.16 1.20x10® 1,2
1$2289252 4 Fll 1.35 2.56x10% 1.17 1.90x10” 1,2
152519093 9 ABO 1.68 8.08x107'° 1.41 6.00x10° 3
rs78707713 10 TSPANIS 1.28 5.74x10™" 1.22 1.5x1077 !
1$1799963 11 F2 2.29 1.73x10”° 2.63 4.90x10™" !
152288904 19 SLC44A42 1.19 1.07x10” 1.11 4.2x10* !
1s6087685 20 PROCR 1.15 1.65x10™ 1.08 0.005 !

Odds ratio R* = 0.97
Abbreviations: SNP, single nucleotide polymorphism; Chr, chromosome; OR, Odds Ratio




Supplementary Table S4. Top eleven novel variants identified in UK Biobank discovery analysis brought forward for replication.
The mixed modeling P value for VTE discovery and logistic regression P value for replication are shown.

SNP Description | Gene | EA | Chr | EAF | INFO c%w &Mm@w EMWZH WN\MWH omwwmmg m@wwwﬂw%
151500426 | intergenic | vENTXP) | T | 3 | 0.41 | 0996 | 1.12 | 5.60x10° |  0.99 0.944 NA! 6.88 x10”
rs13074062 | intronic prPRG | ¢ | 3 o046 | 1 | 113 | 1s0x10° | 104 0.062 | 1.80x10% 0.023
rs76950881 | intronic | SEMAsA | A | 5 | 014 | 0979 | 118 | 3.50x10° | 0.97 0.294 NA! 3.48 x10°

rs247518 intronic | STARD4-4s1 | G | 5 | 0.80 | 0.964 | 1.16 | 420x10° | 1.03 0236 | 3.10x10" 0084
156468473 | intergenic Rcmmwa 01 A | 8 | 0370998 | 1.12 | 1.00x10° | 0.99 0.696 NA' 4.10x10™
154602861 | intronic zepm2 | A | 8 | 07310979 | 1.08 | 0.0045 | 113 | 5.04x107 | 4.88x10™ 0.26
rs3136516' | intronic F2 G | 11| 0480994 1.10 | 000033 | 1.10 |5.65x10° | 7.60x10° 0.85
151107756 | intronic appr2 | G | 12 | 040 | 0995 | 113 | 3.10x10° | 1.00 0.845 | 4.70x10° 0011

15117316396 | intergenic | (k1441024) | G | 15 | 0.94 | 0.947 | 128 | 230x10° | 1.04 0.445 | 8.70x10" 0060
15117477387 | intergenic | (TMEM114) | C | 16 | 0.05 | 0.979 | 1.30 | 8.50x10° | 1.05 0394 | 0.0011 0064
rs79814466 | intronic NDRG4 | G | 16 | 096 | 0.961 | 134 | 430x10° | 1.07 0327 | 5.90x10* 021

* - P value based on linear mixed modeling analysis
1 - P value based on logistic regression analysis

1 - P Values were not calculated for SNPs with effects in opposing directions in discovery/replication
§ - Results after conditioning on rs1799963

Genes for SNPs that are outside the transcript boundary of the protein-coding gene are shown in parentheses [eg, (TMEM114)].

Chr = Chromosome, EA = Effect Allele, EAF = Effect Allele Frequency, OR = Odds Ratio, UKB = UK Biobank




Supplementary Table S5. 14 genome-wide associated VTE SNPs included in A s
calculation

SNP Gene EAF OR V,
rs4602861 ZFPM2 0.766 1.11 0.0004
rs3136516 F2 0.48 1.1 0.0005

rs114209171 F8 0.78 1.15 0.0008
rs6087685 PROCR 0.3 1.15 0.001
rs2288904 SLC44A2 0.79 1.19 0.0012

rs78707713 TSPANI5 0.88 1.28 0.0015

rs4524 F5 0.74 1.2 0.0015
rs1799963 F2 0.01 2.29 0.0018
rs2066865 FGG 0.24 1.24 0.002
rs2289252 Fl1 0.41 1.35 0.0052
rs2036914 Fll 0.52 1.35 0.0053
0,A2 vs.
[ e ABO 0.3 15 0.0083
rs6025 F5 0.03 3.25 0.0111
rs2519093 ABO 0.24 1.68 0.0118
hewas” = 0.0524
EAF = Effect Allele Frequency, OR = Odds Ratio, V, = individual SNP
variance in liability




Supplementary Table S6. Definitions of diseases included in the phenome-wide association study

Outcome-Data Source

Definition

Total Case
Number

Coronary Artery Disease-
CARDIoGRAMplusC4D

Confirmed MI, > 50% stenosis in at least one coronary vessel at
angiography with validation from hospital records, validated
history of percutaneous transluminal coronary angioplasty or
coronary artery bypass graft surgery, or validated angina,
defined as symptoms + confirmation from at least non-invasive
provocation test e.g. scintigraphy or exercise treadmill test at
case ascertainment

60,801 cases and
123,504 controls

Coronary Artery Disease-UK

History of myocardial infarction, coronary artery bypass
grafting, or coronary artery angioplasty during verbal interview,
hospitalization for ICD-10 code for acute myocardial infarction
(I21.0,121.1, 121.2, 121.4, 121.9, hospitalization for OPCS-4

Biobank coded procedure: coronary artery bypass grafting (K40.1-40.4, 4,461
K41.1-41.4, K45), or hospitalization for OPCS-4 coded
procedure: coronary angioplasty with or without stenting
(K49.1-49.2, K49.8-49.9, K50.2, K75.1-75.4, K75.8-75.9)

. . History of heart failure during verbal interview or

Heart failure-UK Biobank hospitalization for ICD code 150/UK Biobank 599

Atrial Fibrillation/Flutter-UK History of atrial fibrillation or flutter during verbal interview or 2908

Biobank hospitalization for ICD code 148/UK Biobank ’

. . . History of aortic stenosis during verbal interview or

Aortic stenosis-UK Biobank hospitalization for ICD code 1350/UK Biobank 193
History of stroke, ischemic stroke, or subarachnoid hemorrhage

Stroke-UK Biobank during verbal interview or hospitalization for ICD codes 160- 2,066

164/UK Biobank




Peripheral vascular Disease-UK

History of peripheral vascular disease or intermittent

Biobank claudication during verbal interview or WOmESENmmos for ICD 692
code 173.1,173.8, 1173.9, 174.3, 174.4, 174.5/UK Biobank

Gastric reflux-UK Biobank History of gastric reflux during verbal interview/UK Biobank 4,881

Gallstones-UK Biobank History of gallstones during verbal interview/UK Biobank 1,831

r.w:m@_o bowel syndrome-UK EGSQ of 5:@_@ bowel syndrome during verbal 2679

Biobank interview/UK Biobank ’

: . History of diabetes unspecified or type 2 diabetes during verbal

Type 2 Diabetes-UK Biobank 582%%2 or current cm% of insulin me&omaos\GW wwo_umsw 3,741

Hyperthyroidism-UK Biobank mem%mw\wom hyperthyroidism during verbal interview/UK 363

Hypothyroidism-UK Biobank History of hypothyroidism during verbal interview/UK Biobank 5,433

Gout-UK Biobank History of gout during verbal interview/UK Biobank 1,612

Chronic Kidney Disease-UK History of chronic kidney disease on verbal interview/UK

Biobank Biobank 275

Enlarged prostate-UK Biobank E.GSQ of enlarged prostate during verbal interview/UK 1.573
Biobank

Uterine fibroids-UK Biobank History of uterine fibroids during verbal interview/UK Biobank 1,634

Migraine-UK Biobank History of migraine during verbal interview/UK Biobank 3,161

Depression-UK Biobank History of depression during verbal interview/UK Biobank 6,667

Anxiety-UK Biobank E.GSQ of anxiety/panic attacks during verbal interview/UK 1,545
Biobank

Back Pain-UK Biobank History of back pain during verbal interview/UK Biobank 584

Joint Pain-UK Biobank History of joint pain during verbal interview/UK Biobank 377

Osteoporosis-UK Biobank History of osteoporosis during verbal interview/UK Biobank 1,740

Osteoarthritis-UK Biobank History of osteoarthritis during verbal interview/UK Biobank 9,693

Sciatica-UK Biobank History of sciatica during verbal interview/UK Biobank 1,035




History of prolapsed disc/slipped disc during verbal

Prolapsed Disc-UK Biobank interview/UK Biobank 1,856

Asthma-UK Biobank History of asthma during verbal interview/UK Biobank 13,941
History of chronic obstructive pulmonary disease,

COPD/Emphysema-UK Biobank  emphysema/chronic bronchitis or emphysema during verbal 2,363
interview/UK Biobank

Pneumonia-UK Biobank History of pneumonia during verbal interview/UK Biobank 1,581

Hayfever-UK Biobank History of hayfever during verbal interview/UK Biobank 6,263

. History of lung cancer, small cell lung cancer or non-small cell

Lung Cancer-UK Biobank _cMmoM.w\booa a:mism <0Lum~ Eﬁo?moé\%ﬁ Biobank M5

Breast Cancer-UK Biobank History of breast cancer during verbal interview/UK Biobank 2,383
History of large bowel cancer/colorectal cancer, colon

Colorectal Cancer-UK Biobank cancer/sigmoid cancer or rectal cancer during verbal 616
interview/UK Biobank
History of skin cancer, malignant melanoma, non-melanoma

Skin Cancer-UK Biobank skin cancer, basal cell carcinoma or squamous cell carcinoma 2,482
during verbal interview/UK Biobank

Prostate Cancer-UK Biobank History of prostate cancer during verbal interview/UK Biobank 840

Cervical Malignancy-UK Biobank History of cervical cancer or CIN cells at the cervix during ’72

verbal interview/UK Biobank

History of any other cancer than lung cancer, breast cancer,
Other Cancer-UK Biobank colorectal cancer, skin cancer, prostate cancer or cervical 2,409
malignancy during verbal interview/UK Biobank

Any Cancer-UK Biobank History of any cancer during verbal interview/UK Biobank 9,530

Abbreviations: CIN, cervical intraepithelial neoplasia; COPD, chronic obstructive pulmonary disease; ICD, International
Classification of Diseases; OPCS, Office of Population and Censuses and Surveys;
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